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I 
摘 要 
纳米金免疫层析法是一种将纳米金标记技术、免疫测定技术和层析分析技术
等多种技术结合在一起的固相膜免疫测定技术，其对检测条件的要求较低，适合
于户外及偏远地区的使用。但由于免疫层析生化反应的复杂性和试条制作工艺的
限制，导致其通常用于定性和半定量的检测，并依靠肉眼识别。 
基于这种现状，市面上出现了多种定量检测系统，这些检测系统在一定程度
上解决了定量检测的问题，但也各自存在着成本高、体积大、精度低等缺陷。因
此，本文旨在克服现有技术的不足，研制一种低成本、快速检测、高精度、便携
式的智能定量检测系统实现纳米金免疫层析的定量检测。 
本文设计的智能定量检测系统结合了免疫层析检测技术、纳米金标记技术、
嵌入式技术、光电传感技术和图像处理技术，在前人研究的基础上，实现了纳米
金免疫层析智能定量检测系统硬件平台和软件系统的搭建。选用绿色环形 LED
光源作为激发光源，由图像传感器 OV2640 采集试条图像，通过烧录于微控制器
STM32F407 的图像处理算法和工作曲线获得定量检测结果，并以人机交互的形式
呈现在液晶显示屏上。 
其中，硬件平台选用体积更小，性价比更高的模块完成图像的采集和处理。
在保证图像质量和检测精度的前提下，有效地减少了系统的体积，提高了便携性，
并且极大降低了成本，适合产品的普及以及偏远地区远程医疗的需求。 
软件系统针对试条图像特点采取相应的图像处理算法，其中，本文提出的自
适应阈值模糊神经网络算法，能很好地处理试条检测线与质控线灰度范围差异以
及检测窗口背景像素灰度值不均的情况，完整地提取出检测线和质控线。并以相
对积分光密度值作为特征值，剔除实验中不确定因素的干扰，由此得到的工作曲
线线性相关度高达 0.99679。最后，通过移植实时操作μC/OS-Ⅲ和 STemWin 图
形库并创建和调用字库，实现人机交互功能。 
 
关键词：免疫层析；嵌入式系统；图像处理 
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Abstract 
Gold immunochromatographic assay is a solid phase membrane-based 
immunoassay technique, which combines gold labelling technique, immunoassay, 
chromatographic analysis and others techniques. The technique is suitable for using in 
outdoor and remote areas because of the lower detection conditions. But it is usually 
used for qualitative and semi quantitative detection due to the complexity of the 
biochemical reaction and the restriction of the fabrication process of strip, and 
recognized by naked eye. 
Based on this situation, there are a variety of quantitative detection systems in 
the market. These systems solve the problem of quantitative detection in a certain 
extent, but they also have some defects such as high cost, large size and low accuracy. 
Therefore, the purpose of this paper is to overcome the shortcomings of the existing 
technique and develop a low-cost, rapid, portable, intelligent quantitative detection 
system with high precision to achieve the quantitative detection for the gold 
immunochromatographic assay. 
On the basis of previous research, the detection system proposed in this paper 
realizes the construction of hardware platform and software system, and combines 
immunochromatographic assay, gold labelling technique, embedded technology, 
photoelectric sensing technology and image processing technology. The green annular 
LED is used as light source, the image of strips is acquired by the image-sensor 
OV2640, and the quantitative detection result is obtained by the image processing 
algorithm and working curve which downloaded in the micro control unit 
STM32F407. Then, the quantitative detection result will show on the LCD screen in 
the form of human-computer interaction. 
In the hardware platform, the modules with smaller volume and higher cost 
performance are selected to complete the acquisition and processing of strip image. 
That can improve the portability of the system effectively by reducing the volume and 
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cut the cost greatly on the premise of ensuring the image quality and detection 
accuracy. These advantages are more suitable for the popularization of the systems 
and the demand of remote medical treatment in remote areas. 
According to the characteristics of strip image, the corresponding image 
processing algorithms are adopted in the software system. The fuzzy cellular neural 
network with adaptive threshold proposed in this paper can extract the test line and 
control line completely and well deal with the difference of gray level range in the test 
line and control line of strip and the unevenness of pixel gray value in the background 
of detection window. Then the relative integrated optical density is used as 
characteristic value to eliminate the interference of the uncertainties in experiment, 
and from this, the linear correlation of the working curve is as high as 0.99679. 
Finally, the transplantation of real-time operating system μC/OS-Ⅲ and graphics 
library STemWin, and the creation and calling of the character library are used to 
achieve the function of human-computer interaction. 
 
Keywords: Immunochromatographic Assay; Embedded System; Image Processing
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第一章 绪论 
 
1 
第一章 绪论 
1.1 本文的研究背景 
免疫层析法是一种基于免疫渗滤的快速诊断技术[1]，在诞生之初就广泛应用
于各种医疗机构，用于快速检测与疾病的评估[2-4]。随着免疫层析技术的不断进
步和“床边检测”的潮流兴起，其简单快速、价格低廉的特点越来越受到重视。
为了达到裸眼识别的效果，通常将示踪标记物应用于免疫层析特异性反应。其中，
以纳米金颗粒作为标记物最为常见，并将这种检测技术称为纳米金免疫层析法。 
纳米金免疫层析法是一种将纳米金标记技术、免疫测定技术和层析分析技术
等多种技术结合在一起的固相膜免疫测定技术[5]。纳米金免疫层析试条是纳米金
免疫层析法进行检测的载体，通常由样品垫、纳米金结合垫、硝酸纤维膜、吸水
垫和PVC底板组成[6]，其结构图如图 1.1 所示。 
 
 
图 1.1 纳米金免疫层析试条结构图 
纳米金免疫层析试条检测机理是：将特异性的抗体以条带状喷涂固定在硝酸
纤维膜上，并将纳米金标记物吸附在纳米金结合垫上。当待测试液（一般为血液
或者尿液）滴加到试条一端的样品垫后，会通过硝酸纤维膜的毛细作用向前移动，
达到结合垫处并溶解纳米金标记物。随后继续移动至包被有抗体的检测线区域。
此时，如果待测试液中含有相应的抗原，则抗原和纳米金标记物的复合物会与硝
酸纤维膜上的抗体发生特异性结合而被截留。呈胶体状的纳米金颗粒具有高电子
密度的特性，会导致复合物大量聚集在检测线上，并呈现肉眼可见红色或品红色；
反之，试条检测线区域不显色[7]。 
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